Permeability of the outer membrane to 6-aminopenicillanic acid was unaltered in an Ipo mutant, lacking the Braun lipoprotein, a result suggesting that the lipoproteins by themselves form no or few diffusion pores.
The Braun lipoprotein of Escherichia coli and Salmomella typhimurium is a protein that exists in the largest number of copies in these cells (1) . Most of the polypeptide chain in this protein is organized as a-helices (1) , and Braun and Bosch (2) , who determined the amino acid sequence of this protein, noticed and emphasized the fact that the occurrence of hydrophobic residue at every third or fourth position suggested the presence of an entirely hydrophobic "side" as well as a totally hydrophilic "side" on the helix. On the basis of these results, Inouye (8) proposed that several of these protein molecules might aggregate together, with the hydrophilic faces toward the center, and thus create "diffusion pores" that penetrate through the outer membrane.
This hypothesis can now be critically tested, as mutants (Ipo) of E. coli K-12 totally lacking the lipoprotein have been isolated (7) . We measured the permeability of the outer membrane of these strains as follows. First, the R-factor Rl was transferred by conjugation from YC 219 (E. coli K-12 lac gal mtl xyl ara/Rl, a gift of M. Yoshikawa) to stationary-phase cells (Fphenocopies) of man' lpo+ pps+ and man' Ipo pps+ transductants of HfrC man pps, described in Table 2 of reference 7. The presence and absence of Braun lipoprotein in these strains was confirmed by slab sodium dodecyl sulfatepolyacrylamide gel electrophoresis (9) . These strains will be called Lpo+(Rl) and Lpo-(Rl), respectively. The outer membrane permeability was then estimated by following the hydrolysis of /8-lactams by suspensions of intact cells of these strains according to the modification (11) of the method of Zimmermann and Rosselet (15 (12), we hoped that the incubation of Lpo-(RI) cells in its presence would not lead to the release of the 38-lactamase into the medium. Indeed, experiments similar to that described in the preceding section revealed that after 10 min of incubation of Lpo-(RI) cells with 170 [LM 6-aminopenicillanic acid, 3.3% of the total 8-lactamase activity was found in the supernatant. Since with this cell suspension 3.3% of the total activity was in the supernatant even without treatment with 6-aminopenicillanic acid, clearly this compound does not produce any increase in the leakage of the ,8-lactamase.
The rates of hydrolysis of 6-aminopenicillanic acid were then determined with Lpo-(Rl) and Lpo+(R1) cells and extracts (Table 1) . Clearly, the absence of the murein lipoprotein in the Correction was made for the activity of "leakedout" enzyme, which corresponded to 0.8 and 1.4% of the total /1-lactamase in the suspensions of Lpo+(R1) and Lpo-(RI), respectively, in this particular experiment.
Lpo-(Rl) strain does not produce any decrease in the diffusion rate for 6-aminopenicillanic acid.
The outer membrane allows the diffusion of any hydrophilic molecule with a molecular weight lower than 500 to 600 (3) . In addition to this nonspecific pathway, it also has specific diffusion mechanisms for the diffusion of maltose and maltodextrins (13) , nucleosides (5), vitamin B12 (4), and iron-siderophore complexes (6, 14) . /8-Lactams apparently diffuse through the outer membrane by the nonspecific pathway, as mutants known to be deficient in /3-lactam diffusion are also deficient in the diffusion of amino acids and carbohydrates (10) . Thus, the diffusion rate of a,f-lactam, 6-aminopenicillanic acid, serves as a good indicator of the operation of the nonspecific diffusion pathway, and very similar diffusion rates in Lpo-(Rl) and Lpo+(R1) strains clearly do not support the hypothesis (8) that lipoproteins by themselves form nonspecific pores. If lipoprotein pores exist, they must be in such small numbers that they cannot make significant contributions to the hydrophilic permeability of the outer membrane. These conclusions are consistent with the previous observations that isolated lipoprotein could not produce pores in the in vitro reconstitution assay (9) and that the Ipo mutants grew rapidly in various media and were permeable to o-nitrophenyl-,3-D-galactoside (7) .
The permeability of the outer membrane to hydrophobic substances might be altered in Ipo mutants, and this remains to be examined. However, the hydrophobic molecules generally appear to penetrate through the outer membrane by dissolving into the hydrocarbon interior regions of the membrane and not through the pores (10) .
